PATENT COOPERATION TREATY 

PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
13314J 


_ w mrwTO ,« A ir ™™ See Notification of Transmittal of International 
FOR FURTHER ACTION Prelimmary Exam ination Report (Form PCT/IPEA/416) 


International application No. 
PCT/FIOO/00420 


International filing date (day/month/year) Priority date (day/month/year) 
10.05.2000 11.05.1999 


International Patent Classification (IPC) or national classification and IPC7 

G03B 19/00, G03B 21/00 // H04N 13/00, G03B 1/42 


Applicant 

Teknillinen Korkeakoulu et al 



1 . This international preliminary examination report has been prepared by this International Preliminary Examining 
Authority and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 3 



sheets, including this cover sheet 



This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawing? which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 



These annexes consist of a total of 



3. 



This report contains indications relating to the following items: 
Basis of the report 



I 


El 


n 


□ 


m 


□ 


IV 


□ 


V 




VI 


□ 


vn 


□ 


vm 


□ 



Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicabiUty; 
citations and explanations supporting such statement 

Certain documents cited 

Certain defects in the international application 

Certain observations on the international application 



Date of submission of the demand 
04. 12.2000 


Date of completion of this report 
14.08.2001 


Name and mailing address of the IPEA/SE 
Patent- och registreringsverket. Telex 
Box 5055 17978 
S-102 42 STOCKHOLM PATOREG-S 

Facsimile No. 08-667 72 88 


Authorized officer 

Bj6rn Kallstenius / JA A 
Telephone No. 08-782 25 00 



Form PCT/IPEA/409 (cover sheet) (January 1998) 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 
PCT/FI00/00420 




1. With regard to the elements of the international application:* 
[ [ the international application as originally filed 

the description: 

pages 1-12 ; 



, as originally filed 
, filed with the demand 



pages 

the claims: 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1. Statement 

Novelty (N) 



Claims 
Claims 



1-26 



Inventive step (IS) 
Industrial applicability (1A) 



Claims 
Claims 

Claims 
Claims 



2. Citations and explanations (Rule 70.7) 

Cited documents: DE 19649281 Al, FR 2741960 A3, EP 0458463 Al, 
GB 1439152 A and DE 2629233 Al . 

The invention relates to a camera system with an around 1 an 
optical axis of the system rotationally symmetrical concave 
spherical photosensitive surface coincident with the image 
surface of the imaging system. The invention also comprises a 
display device for the images produced by the camera system 

The aim of the invention is to improve the illumination and to 
reduce the distortion of the images produced. 

This is achieved by arranging the detecting elements on the 
image surface so that their density is at a maximum on the 
optical axis and diminishing from that axis towards the edge 
zones of the image surface. 

This feature is not revealed by any of the cited documents and 
cannot be considered obvious to a person skilled m the art. 

The industrial applicability is obvious. . 



Form PCT/IPEA/409 (Box V) (January 1998) 



The Swedlsn Potent Office j PCT/FI00/00420 



POT international Application 



04-07-2001 



14 

CLAIMS 

1. Camera system comprising a camera (1) pro- 
vided with an optics system (2) and a photosensitive 
image surface (3) disposed near the optics system sym- 

5 metrically relative to its optic axis (L) , the image 
of the object (K) refracted by the optics being pro- 
jected onto the image surface, the photosensitive im- 
age surface (3) being a concave spherical surface 
whose center of curvature is at the focal point of the 

10 optics (2) and consisting of a matrix of individual 
photosensitive detecting elements, character- 
ized in that the detecting elements are so arranged 
on the image surface (3) that their density is at a 
maximum on the optic axis (L) and diminishes from the 

15 optic axis toward the edge zones. 

2. Camera system as defined in claim 1, 
characterized in that the density distribu- 
tion of the detecting elements on the image surface 
(3) is consistent with the function: 



= I 0 e l f ° J , 



2 0 I(r) 

where 

I 0 m density of detecting elements at the ori- 
gin (on the optic axis) ,. 

l(r)= local density of detecting elements at 
25 radius r from the origin, and 

a = scaling factor. 

3. Camera system as defined in claim 1 or 2 , 
characterized in that photosensitive detect- 
ing elements are CCD elements. 
30 4. Camera system as defined in claim 1-3, 

characterized in that the number of detect- 
ing elements is of the order of 100000 or higher. 

5. Camera system as defined in claim 4, 
characterized in that the number of detect - 
35 ing elements has been so chosen that, to achieve a 



AMENDED SHEET 



[me Swe^teh Patent PCT/FI00/00420 
o^T international App«icetlo^ J 



04-07-2001 

15 

reasonable image quality, the number is of the order 
of 10 4 - 3X10 4 , to achieve a good image quality, of the 
order of 10 6 - 2X10 6 , or to achieve a perfect image 
quality, of the order of 10 8 . 
5 6. Camera system as defined in any one of 

claims 1-5, characterized in that the op- 
tics (2) has been so arranged that, in the high- 
resolution area near the optic axis (L) , the point 
spread function (PSF) produced by the optics inte- 
10 grates over several detecting elements to prevent 
aliasing. 

7. Camera system as defined in any one of 
claims 1-6, characterized in that the op- 
tics (2) is of a type having a so-called normal focal 

15 distance and the image surface (3) is a spherical ca- 
lotte with a recording angle of the order of 60°; and 
that the camera comprises a shutter (4) disposed be- 
tween the optics and the image surface and provided 
with an adjustable aperture. 

20 8 Camera system as defined in any one of 

claims 1-6, characterized in that the re- 
cording angle of the image surface (3) is 180° or 
less. 

9. Camera system as defined in any one of 
25 claims 1-6, characterized in that the op- 
tics (2) comprises a lens (5) with a short focal dis- 
tance, such as a so-called fish-eye lens; that the im- 
age surface (3) is of a hemispherical shape and the 
recording angle is 180°, the camera thus being of a 

30 semispace recording type. 

10. Camera system as defined in any one of 
claims 1 - 9, characterized in that the 
camera (1) is a digital camera which comprises means 
for digitization of the signals received from the de- 

3 5 tecting elements and means for transferring the digit- 
ized images to a computer. 
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11. Camera system as defined in any one of 
claims 1 - 10, characterized in that the 
camera (1) is of a type for recording moving pictures. 

12. Camera system as defined in any one of 
5 claims 1 - 11, characterized in that the 

camera (1) is of a type for recording still pictures. 

13. Camera system as defined in any one of 
claims 1-12, characterized in that the 
camera (1) is a monitoring camera. 

10 14. Camera system as defined in any one of 

claims 1 - 13, characterized in that the 
system comprises two semi space recording cameras (1) 
directed in opposite directions for the recording of 

the whole space . 

15 15. Camera system as defined in any one of 

claims 1 - 14, characterized in that the 
system comprises two adjacent semispace recording cam- 
eras (1) directed in the same direction for the re- 
cording of a stereo image of the semispace. 

20 16. Display device (6) for displaying an im- 

age recorded by a camera system as def inei3^n__any_one 
of cJjLims_l^_i5__on the display surface (7) of the 
display device, characterized in that the 
display surface d js a concavg_§pherical surface. 

25 17. Display device as defined in claim 16, 

characterized in that the display device (6) 
is a monitor, such as a computer monitor or a televi- 
sion, the screen of which is a display surface (7) 
having the shape of a concave spherical calotte. 

30 is. Display device as defined in claim 16, 

characterized in that the display surface 
(7) is a wall or ceiling surface of a room, onto which 
an image can be projected so as to allow it to be 
viewed simultaneously by a plurality of persons. 

35 i9. Display device as defined in claim 16, 

characterized in that the display device is 
a personal display visor or the like, in which the 



AMENDED SHEET 



[POT 



The Swedlsn Patent Office j PCT/FIOO/00420 
PCT intemattor^^^ ^ 04-07-2001 

17 

display surface (7) is a hemispherical display surface 
having its center at the focal point of the eye. 

20. Display device as defined in claim 19, 
characterized in that the display visor or 
5 the like comprises two hemispherical display surfaces 
(7) with their centers at the focal points of the 
eyes, one display surface being provided for each eye 
for the viewing of stereo images. 

21- Display device as defined in any one of 
10 claims 16 - 20, characterized in that the 
display surface (7) consists of a matrix of individual 
picture elements. 

22. Display device as defined in claim 21, 
characterized in that the number of picture 

15 elements is of the order of 100000 or higher. 

23. Display device as defined in claim 21 or 
22, characterized in that the number of 
picture elements has been so chosen that, in order to 
achieve a reasonable image quality, the number is of 

20 the order of 10 4 - 3X10 4 , to achieve a good image qual- 
ity, of the order of 10 6 - 2X10 6 , or to achieve a per- 
fect image quality, of the order of 10 8 . 

24. Display device as defined in any one of 
claims 21 - 23, characterized in that the 

25 picture elements are so arranged on the display sur- 
face (7) that their density is at a maximum on the op- 
tic axis (L) and diminishes from the optic axis toward 
the edge zones . 

25. Display device as defined in claim 24, 
30 characterized in that the picture elements 

of the hemispherical display surface (7) are larger in 
surface area in the edge zones than in the vicinity of 

the optic axis (L) . 

26. Display device as defined in claim 24 or 
35 25, characterized in that the density dis- 
tribution of the picture elements on the display sur- 
face is consistent with the function: 
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I(r) = I 0 e l r ° J , 



where 

I 0 = picture element density at the origin (on 

the optic axis) , 
5 l(r)= local picture element density at radius 

r from the origin, and 
a = scaling factor. 

27. Display device as defined in any one of 
claims 21 - 26, characterized in that the 
10 picture elements are implemented using fiber optics. 
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CLAIMS 

1. Camera system comprising a camera (1) pro- 
vided with an optics system (2) and a photosensitive 
image surface (3) disposed near the optics system sym- 

5 metrically relative to its optic axis (L) , the image 
refracted by the optics being projected onto the image 
surface, characterized in that the photo- 
sensitive image surface (3) is a concave spherical 
surface whose center of curvature is at the focal 
10 point of the optics (2) . 

2. Camera system as defined in claim 1, 
characterized in that the photosensitive im- 
age surface (3) consists of a matrix of individual 
photosensitive detecting elements, such as CCD ele- 

15 ments. 

3. Camera system as defined in claim 2, 
characterized in that the number of detect- 
ing elements is of the order of 100000 or higher. 

4 . Camera system as defined in claim 3 , 
20 characterized in that the number of detect- 
ing elements has been so chosen that, to achieve a 
reasonable image quality, the number is of the order 
of 10 4 - 3xl0 4 , to achieve a good image quality, of the 
order of 10 6 - 2xl0 6 , or to achieve a perfect image 

25 quality, of the order of 10 8 . 

5. Camera system as defined in claim 3 or 4, 
characteri zed in that the detecting elements 
are so arranged on the image surface (3) that their 
density is at a maximum on the optic axis (L) and di- 

30 minishes from the optic axis toward the edge zones. 

6. Camera system as defined in claim 5, 
characterized in that the density distribu- 
tion of the detecting elements on the image surface 
(3) is consistent with the function: 



35 



I(r) = l/ 1 " J , 
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where 

I 0 = density of detecting elements at the ori- 
gin (on the optic axis) , 

l(r)= local density of detecting elements at 
5 radius r from the origin, and 

a = scaling factor. 

7. Camera system as defined in any one of 
claims 1-6, characterized in that the op- 
tics (2) has been so arranged that, in the high- 

10 resolution area near the optic axis (L) , the point 
spread function (PSF) produced by the optics inte- 
grates over several detecting elements to prevent 
aliasing. 

8. Camera system as defined in any one of 
15 claims 1-7, characterized in that the op- 
tics (2) is of a type having a so-called normal focal 
distance and the image surface (3) is a spherical ca- 
lotte with a recording angle of the order of 60°; and 
that the camera comprises a shutter (4) disposed be- 

20 tween the optics and the image surface and provided 
with an adjustable aperture. 

9. Camera system as defined in any one of 
claims 1 - 8, characterized in that the re- 
cording angle of the image surface (3) is 180° or 

25 less. 

10. Camera system as defined in any one of 
claims 1-9, characterized in that the op- 
tics (2) comprises a lens (5) with a short focal dis- 
tance, such as a so-called fish-eye lens; that the im- 

30 age surface (3) is of a hemispherical shape and the 
recording angle is 180°, the camera thus being of a 
semispace recording type. 

11. Camera system as defined in any one of 
claims 1 - 10, characterized in that the 

35 camera (1) is a digital camera which comprises means 
for digitization of the signals received from the de- 
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tecting elements and means for transferring the digit- 
ized images to a computer. 

12 . Camera system as defined in any one of 
claims 1 - 11, characterized in that the 

5 camera (1) is of a type for recording moving pictures. 

13 . Camera system as defined in any one of 
claims 1 - 12, characterized in that the 
camera (1) is of a type for recording still pictures. 

14 . Camera system as defined in any one of 
10 claims 1 - 13 , characterized in that the 

camera (1) is a monitoring camera. 

15. Camera system as defined in any one of 
claims 1 - 14, characterized in that the 
system comprises two semispace recording cameras (1) 

15 directed in opposite directions for the recording of 
the whole space. 

16. Camera system as defined in any one of 
claims 1 - 15, characterized in that the 
system comprises two adjacent semispace recording cam- 

20 eras (1) directed in the same direction for the re- 
cording of a stereo image of the semispace. 

17. Display device (6) for displaying an im- 
age recorded by a camera system as defined in any one 
of claims 1 - 16 on the display surface (7) of the 

25 display device, characterized in that the 
display surface (7) is a concave spherical surface. 

18. Display device as defined in claim 17, 
characterized in that the display device (6) 
is a monitor, such as a computer monitor or a televi- 

30 sion, the screen of which is a display surface (7) 
having the shape of a concave spherical calotte. 

19. Display device as defined in claim 17, 
characterized in that the display surface 
(7) is a wall or ceiling surface of a room, onto which 

3 5 an image can be projected so as to allow it to be 
viewed simultaneously by a plurality of persons. 
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20. Display device as defined in claim 17, 
characterized in that the display device is 
a personal display visor or the like, in which the 
display surface (7) is a hemispherical display surface 

5 having its center at the focal point of the eye. 

21. Display device as defined in claim 20, 
characterized in that the display visor or 
the like comprises two hemispherical display surfaces 
(7) with their centers at the focal points of the 

10 eyes, one display surface being provided for each eye 
for the viewing of stereo images. 

22. Display device as defined in any one of 
claims 1 - 17, characterized in that the 
display surface (7) consists of a matrix of individual 

15 picture elements. 

23. Display device as defined in claim 22, 
characterized in that the number of picture 
elements is of the order of 100000 or higher. 

24. Display device as defined in claim 23, 
20 characterized in that the number of picture 

elements has been so chosen that, in order to achieve 
a reasonable image quality, the number is of the order 
of 10 4 - 3xl0 4 , to achieve a good image quality, of the 
order of 10 6 - 2xl0 6 , or to achieve a perfect image 
25 quality, of the order of 10 8 . 

25. Display device as defined in any one of 
claims 22 - 24, characterized in that the 
picture elements are so arranged on the display sur- 
face (7) that their density is at a maximum on the op- 

30 tic axis (L) and diminishes from the optic axis toward 
the edge zones. 

26. Display device as defined in claim 25, 
characterized in that the picture elements 
of the hemispherical display surface (7) are larger in 

3 5 surface area in the edge zones than in the vicinity of 
the optic axis (L) . 
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27. Display device as defined in claim 25 or 



26, characterized in that the density dis- 
tribution of the picture elements on the display sur- 
face is consistent with the function: 



a = scaling factor. 

28. Display device as defined in any one of 
claims 22 - 27 , characterized in that the 
picture elements are implemented using fiber optics. 

15 



5 




10 



where 

I 0 = picture element density at the origin (on 
the optic axis) , 

l(r)= local picture element density at radius 
r from the origin, and 
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KAMERAJARJESTELMA JA NAYTTOLAITE 

Keksinnon kohteena on patenttivaatimuksen 1 
j ohdanto-osassa maaritelty kamera j ar j estelma . Edelleen 
keksinnon kohteena on patenttivaatimuksen 17 mukainen 
5 nayttolaite. 

Valokuvaus keksittiin 18 00-luvun alkupuolel- 
la. Melko pian potentiaalisten valonherkkien materiaa- 
lien kirjoista erottautuivat hopeahalogenidit (AgBr, 
AgCl) , jotka gelatiiniin dispergoituina ovat valon- 
10 herkkia. Dispersio levitettiin lasilevylle, joka muo- 
dosti kameran valonherkan kuvapinnan. Lasilevy oli 
suora: kehitettiin optiikka, joka neulanreikaa suurem- 
millakin aukoilla fokusoi kuvan tasolle. 

Lasilevya seurasi filmi, filmia seurasi vidi- 
15 conputki ja vidiconputkea seurasi digitaalimatriisi . 
Kuvataso on kuitenkin pysynyt tasona seka still- etta 
liikkuvia kuvia ottavassa kamerassa. Tasoproj isoinnis- 
sa valaistus kuvapinnalla on verrannol linen optisesta 
akselista mitatun poikkeutuskulman kosinin nelioon: 

2 0 J = (Li cos 4 <p) /4f (1 + m) 2 

missa 

J on intensiteetti kuvatasolla, 
L on luminanssi kohteessa, 

<p on polttopistelahtoisen sateen kulma opti- 
25 seen akseliin nahden, 

f on aukkoluku ja 
m on muuntoluku. 

Varsinkin laa j akulmaisilla optiikoilla va- 
laistuksen tasaisuus kuva-alueella on ongelma. Edel- 

3 0 leen kuvakulmaltaan yli 100° laaj akulmakuvia on vaikea 

aikaansaada suorien viivojen oleellisesti vaaristymat- 
ta. 

Entuudestaan tunnetaan, etta molemmat ym. 
virheet on korjattu digitaalisen kuvankasittelyn kei- 
35 noin. 

Keksinnon tarkoituksena on poistaa edella 
mainitut epakohdat . 



PCT/FI 0 0 / 0 0 420 



Erityisesti keksinnon tarkoituksena on tuoda 
esiin kamerajar j estelma ja vastaava nayttolaite, joka 
mahdollistaa laa j akulmaisen kuvan, jossa valaistus on 
tasainen koko kuva-alalla eivatka viivat vaaristy ku- 
5 va-alalla . 

Keksinnon mukaiselle kameralle ja nayttolai- 
teelle tunnusomaisten seikkojen osalta viitataan pa- 
tenttivaatimuksiin . 

Keksinnon mukaiseen kamera j arj estelmaan kuu- 
10 luu kamera, jossa on optiikka, ja valonherkka kuvapin- 
ta, joka on jarjestetty optiikan laheisyyteen symmet- 
risesti sen optisen paaakselin suhteen ja johon kuva- 
pintaan optiikan taittama kohteen kuva kuvantuu. 

Keksinnon mukaisesti valonherkka kuvapinta on 
15 kovera pallopinta, jonka kaarevuuskeskipiste on optii- 
kan polttopisteessa . Keksinnon mukainen kamera proji- 
soi kuvan koveralle , polttopistekeskeiselle pallopin- 
nalle, joka toimii valodetektorina ja voi koostua va- 
lonherkista anturielementeista . 
2 0 Keksinnon mukaisessa kamera j arj estelmassa ei 

ilmene konventionaalisille kuvaustekniikoille tyypil - 
lista anisotropiaa ja geometrista vaaristymista . Kek- 
sinnon avulla voidaan toteuttaa eri polttovaleja aina 
180° havaintokulmaan asti . 

2 5 Keksinnon etuna normaalia polttovalia kaytet- 

taessa, kuvakulma on n. 60°, on kosinivirheen valtta- 
minen. Talloin kuvan isotrooppisuus valaistuksen ta- 
saisuuden osalta on merkittavasti parempi kuin tunne- 
tussa kamerassa . Tama on tarkeaa erilaisissa kuva- 

3 0 analyysisovelluksissa, joissa tummuuden ja varin pe- 

rusteella tehdaan j ohtopaatoksia analysoitavasta koh- 
teesta . 

Lyhyita polttovaleja (aina 180° taltiointi- 
kulmaan asti) kaytettaessa on keksinnon etuna, etta se 
35 poistaa nykyisille optiikoille tyypilliset geometriset 
vaaristymat. Mikali kuvia tulostetaan ja/tai naytetaan 
perinteisia, tasomaisia nayttopintoj a kayttaen # voi- 



PCT/FI 00/00420 



daan kuvasta leikata ohjelmallisesti sopivia vaaristy- 
mattomia suorakaiteita . Kaytettaessa keksinnon mukais- 
ta nayttolaitetta, jossa nayttdpinta on kovera pallo- 
pinta, ei geometrisia vaaristymia muodostu. 
5 Pitkia polttovalej a kaytettaessa suhteellisia 

valimatkoja lyhentava visuaalief ekti poistuu. 

Optisesti kuvan projisointi pallopinnalle on 
vahemman vaativaa kuin tavanomainen tasoproj isointi . 
Sen vuoksi keksinnon mukaisessa j ar j estelmassa optiik- 
10 ka voidaan valmistaa aberraatiovapaaksi tavanomaista 
optiikkaa halvemmin kustannuksin . 

Kamera j ar j estelman eraassa sovellutuksessa 
valonherkka kuvapinta koostuu matriisista yksittaisia 
valonherkkia anturielementteja, kuten CCD-elementteja . 
15 Kamera jarj estelman eraassa sovellutuksessa 

anturielementtien lukumaara on suuruusluokkaa 100000 
tai suurempi . 

Kamera j ar j estelman eraassa sovellutuksessa 
anturielementtien lukumaara on valittu siten, etta koh- 

2 0 tuullisen kuvanlaadun aikaansaamiseksi lukumaara on 

suuruusluokkaa 10 4 - 3xl0 4 , hyvan kuvanlaadun aikaan- 
saamiseksi suuruusluokkaa 10 6 - 2x10 s , tai taydellisen 
kuvanlaadun aikaansaamiseksi suuruusluokkaa 10 8 . 

Kamera j ar j estelman eraassa sovellutuksessa 
25 anturielementit on jarjestetty kuvapinnalle siten, etta 
niiden tiheys on optisella paaakselilla maksimissaan ja 
pienenee optiselta paaakselilta reuna-alueille pain. 

Kamera j ar j estelman eraassa sovellutuksessa 
anturielementtien tiheys j akauma kuvapinnalla noudattaa 

3 0 funktiota: 

I(r) = I 0 e , missa 

I 0 = anturielementtien tiheys origossa (paaak- 
selilla) , 

l(r) = anturielementtien paikallinen tiheys sa- 

35 teella r origosta, ja 

a = skaalauskerroin. 
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Kameraj arj estelman eraassa sovellutuksessa 
optisen paaakselin laheisyydessa anturielementtien suu- 
ren resoluution alueella anturielementit on jarjestetty 
siten, etta optiikan aikaansaama pisteen leviamisf unk- 
5 tio (PSF) integroi yli usean anturielementin vierastu- 
misen (aliasing) estamiseksi. 

Kameraj ar j estelman eraassa sovel lutuksessa 
optiikka on ns . normaalipolttovalinen ja kuvapinta on 
pallokalotti, jonka taltiointikulma (a) on suuruus- 

10 luokkaa 60°; ja etta kameraan kuuluu kaihdin, joka on 
jarjestetty optiikan ja kuvapinnan valille ja jonka 
aukko on saadettava. 

Kameraj ar j estelman eraassa sovellutuksessa 
kuvapinnan taltiointikulma on 180° tai pienempi . 

15 Kameraj arj estelman eraassa sovellutuksessa 

optiikkaan kuuluu lyhytpolttovalinen linssi, kuten ns . 
kalansilmalinssi ; etta kuvapinta on puolipallon muo- 
toinen ja taltiointikulma on 180° niin, etta kamera on 
puoliavaruutta taltioiva . 

2 0 Kameraj arj estelman eraassa sovellutuksessa 

kamera on digitaalikamera, johon kuuluu valineet antu- 
rielementeista saatujen signaalien digitoimiseksi ja 
valineet digitoitujen kuvien siirtamiseksi tietoko- 
neelle. Kuvaa voidaan kasitella, siirtaa ja tulostaa 

25 digitaalimuodossa . Kuvia voidaan nayttaa edella maini- 
tulla pallopintanaytolla tai tavanomaisilla naytoilla. 
Niita voidaan myos vaaristymattomina tulostaa paperil- 
le kuvatulostimilla . 

Kameraj arj estelman eraassa sovellutuksessa 

30 kamera on liikkuvaa kuvaa taltioiva kamera. 

Kameraj arj estelman eraassa sovellutuksessa 
kamera on still -kuvia taltioiva kamera. 

Kameraj arj estelman eraassa sovellutuksessa 
kamera on valvontakamera . 

35 Kameraj arj estelman eraassa sovellutuksessa 

jarjestelmaan kuuluu kaksi vastakkaisiin suuntiin suun- 
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nattua puoliavaruutta taltioivaa kameraa koko avaruuden 
taltioimiseksi . 

Kamerajar j estelman eraassa sovellutuksessa 
jarjestelmaan kuuluu kaksi vierekkaista, samaan suun- 
5 taan suunnattua, puoliavaruutta taltioivaa kameraa ste- 
reokuvan taltioimiseksi puoliavaruudesta . 

Keksinnon mukaisesti nayttolaitteessa em. ka- 
merajar j estelmalla taltioidun kuvan nayttamiseksi nayt- 
topinta on kovera pallopinta. 

10 Nayttolaitteen etuna on, etta kuvassa valais- 

tus on tasainen koko kuva-alueella ja kuva on geomet- 
risesti vaaristymaton eika minkaanlaista kuvan lumi- 
nanssitasoon tai aariviivoihin kohdistuvaa korjauspro- 
sessointia tarvita . 

15 Nayttolaitteen eraassa sovellutuksessa nayt- 

tolaite on monitori, kuten tietokonemonitori tai tele- 
visio, jonka kuvaruutu on koveran pallokalotin muotoi- 
nen. 

Nayttolaitteen eraassa sovellutuksessa nayt- 
20 topinta on huoneen puolipallon muotoinen seina- tai 
kattopinta, johon kuva on hei j astettavissa usean hen- 
kilon samanaikaista katselua varten. 

Nayttolaitteen eraassa sovellutuksessa nayt- 
tolaite on henkilokohtainen nayttovisiiri tai sen ta- 
25 painen, jossa nayttopinta on silman polttopistekeskinen 
puolipallonayt topinta . 

Nayttolaitteen eraassa sovellutuksessa nayt- 
tovisiiriin tai sen tapaiseen kuuluu kaksi silman polt- 
topistekeskista puolipallonayttopintaa, yksi kumpaakin 
3 0 silmaa varten stereokuvien katselua varten. 

Nayttolaitteen eraassa sovellutuksessa nayt- 
topinta muodostuu matriisista yksittaisia kuvaelement- 
teja. 

Nayttolaitteen eraassa sovellutuksessa kuva- 
3 5 element tien lukumaara on suuruusluokkaa 100000 tai suu- 
rempi . 
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Nayttolaitteen eraassa sovellutuksessa kuva- 
elementtien lukumaara on valittu siten, etta kohtuulli- 
sen kuvanlaadun aikaansaamiseksi lukumaara on suuruus- 
luokkaa 10 4 - 3xl0 4 , hyvan kuvanlaadun aikaansaamiseksi 
5 suuruusluokkaa 10 6 - 2xl0 6 , tai taydellisen kuvanlaadun 
aikaansaamiseksi suuruusluokkaa 10 8 . 

Nayttolaitteen eraassa sovellutuksessa kuva- 
elementit on jarjestetty nayttopinnalle siten, etta 
niiden tiheys on optisella paaakselilla maksimissaan ja 
10 pienenee optiselta paaakselilta reuna-alueille pain. 

Nayttolaitteen eraassa sovellutuksessa puoli- 
pallonayttopinnan kuvaelementit ovat reuna-alueilla 
pinta-alaltaan suurempia kuin paaakselin laheisyydes- 
sa . 

15 Nayttolaitteen eraassa sovellutuksessa kuva- 

elementtien tiheys j akauma nayttopinnalla noudattaa 
f unktiota : 

Nx 2 +y 2 +z 2 ~ 

Kr) = I 0 e' al " 
missa 

20 I 0 = kuvaelementtien tiheys origossa (paaakse- 

lilla) , 

l(r) = kuvaelementtien paikallinen tiheys sa- 

teella r origosta, ja 

a = skaalauskerroin. 

25 Nayttolaitteen eraassa sovellutuksessa kuva- 

elementit on toteutettu kuituoptiikalla . 

Keksinnon mukaiset kamerat ja nayttolaitteet 
sopivat erittain hyvin nakevan robotiikan sovelluk- 
siin. Koska linj avaaristymia ei ole, valtytaan naiden 

30 kor jauslaskennalta . Koska rakenteellisia valaistusero- 
ja optisen akselin ja kuvan perif eria-alueiden valilla 
ei ole, on tulkintalaskenta tuloksiltaan tarkempaa 
kuin perinteista kameraa kaytettaessa . Keksinnon mu- 
kaiset kamerat ja nayttolaitteet sopivat erittain hy- 

35 vin myos simulaattoreihin, joissa keinotekoisesti luo- 
daan arsykkeet koko nakokentalle (esimerkiksi len- 



7 
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tosimulaattori ) . Vastaavasti voidaan tuottaa viihde- 
ja tietokonepeliaineistoa, jossa henkilo kokee virtu- 
aalisesti olevansa kameran kuvaamassa ja pallonayton 
toistamassa tilanteessa. Kayttaen kahta vierekkaista 
5 kameraa voidaan generoida koko nakokentan tayttava, 
kolmiulotteinen havainto. 

Seuraavassa keksintoa selostetaan yksityis- 
kohtaisesti sovellutusesimerkkien avulla viittaamalla 
oheiseen piirustukseen, jossa 
10 kuva 1 esittaa kaaviomaista periaatekuvaa 

keksinnon mukaisen kameraj arj estelman eraasta ensim- 
maisesta sovelluksesta, 

kuva 2 esittaa kaaviomaista periaatekuvaa 
keksinnon mukaisen kameraj arj estelman eraasta toisesta 
15 sovelluksesta, 

kuva 3 esittaa havainnollistaa kaaviomaisesti 
vierastumisen (aliasing) estamista optiikan avulla 
kohdissa, joissa kuvaelementtien tiheys on maksimissa, 
kuva 4 esittaa kaaviomaisesti keksinnon mu- 
20 kaisen kameraj arj estelman erasta kayttoa valvontakame- 
rana puoliavaruuden valvomiseksi huonetilassa, 

kuva 5 esittaa kaaviomaisesti keksinnon mu- 
kaisen kameraj arj estelman erasta toista kayttoa val- 
vontakamerana koko avaruuden valvomiseksi avoimessa 
25 tilassa, 

kuva 6 esittaa kaaviomaisesti keksinnon mu- 
kaisen nayttolaitteen erasta ensimmaista sovellusta, 
ts. pallokalottimaista monitoria tai televisiota ja 
sen optimaalista katselulinj aa, 
3 0 kuva 7 esittaa kaaviomaisesti keksinnon mu- 

kaisen nayttolaitteen erasta toista sovellusta, joka 
mahdollistaa kuvien esittamisen useammalle henkilolle, 

kuva 8 esittaa keksinnon mukaisen nayttolait- 
teen erasta kolmatta sovellusta, joka on henkilokoh- 
35 tainen nayttdlaite stereokuvien esittamiseksi , 

kuva 9 esittaa kaaviomaisesti keksinnon mu- 
kaisen nayttolaitteen erasta neljatta sovellusta, joka 
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on henkilokohtainen nayttolaite monokuvien esittami- 
seksi . 

Kuvassa 1 on kamera 1, johon kuuluu ns. nor- 
maalipolttovalinen optiikka 2, joka kuvassa on esitet- 
5 ty yksinkertaisena linssina. Edelleen kameraan 1 kuu- 
luu valonherkka kuvapinta 3, joka on kovera pallopin- 
ta, johon optiikka 2 projisoi kohteen kuvan. Kuvapin- 
nan 3 kaarevuuskeskipiste on optiikan 2 polttopistees- 
sa optisella paaakselilla L. Normaalipolttovalisella 

10 linssilla 2 saadaan n. 60° taltiointikulma, joten ka- 
merassa kuvapinta voi olla pallokalotin muotoinen. 
Kameraan kuuluu edelleen saadettavalla aukolla varus- 
tettu kaihdin 4, joka on jarjestetty linssin 2 lahei- 
syyteen linssin 2 ja kuvapinnan 3 valille. 

15 Kuvan 2 kamerassa 1 optiikkaan 2 kuuluu ly- 

hytpolttovalinen linssi 5, ns . kalansilmalinssi . Kuva- 
pinta 3 on puolipallon muotoinen, jolloin kamera on 
puoliavaruutta taltioiva kamera. Kuvassa on havainnol- 
listettu kolmen kohteen I, II, III kuvantumista puoli- 

20 pallokuvapinnalle . Taltiointikulma on 180°. Paaakse- 
lilla L olevan kohteen I kuva tallentuu kuvapinnalle 3 
optisella paaakselilla L. Paaakselin L suhteen 90° 
kulmissa vastakkaisilla puolilla olevat kohteet II ja 
III tallentuvat puolipallokuvapinnan reunoille. 

25 Kuvien 1 ja 2 kamerat ovat edullisesti seka 

still- etta liikkuvaa kuvaa kasittelevia digitaalika- 
meroita. Kameran 1 kuvapinta 3 on koottu yksittain si- 
joitetuista digitaalisista anturielementeista tai se 
voidaan konstruoida kuituoptiikan avulla. Kohtuulli- 

30 seen kuvanlaatuun paastaan kayttaen suuruusluokkaa 100 
000 - 300 000 anturielementtia kuvapinnalla 3. Hyva 
kuvan laatu aikaansaadaan suuruusluokkaa 1-2 miljoo- 
nalla anturielementilla . Mikali pyritaan taydelliseen 
kuvanlaatuun, tulee anturielementtien lukumaaran olla 

35 suuruusluokkaa 10 8 . 

Kuvan 2 mukaisilla koko puoliavaruuden nake- 
villa kameroilla, joissa kuvapinnan 3 taltiointikulma 
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on 180°, vastaavilla naytoilla optisen paaakselin L 
kohta vastaa ihmisen teravanakemista ja reuna-alueet 
epatarkempaa perif erianakemista . Siksi anturielement- 
tien tiheys kuvapinnalla 3 voi vaihdella siten, etta 
5 optisen paaakselin kohdalla tiheys on maksimissaan eli 
resoluutio on suuri vahentyen reuna-alueita lahestyt- 
taessa, jossa resoluutio on pienempi . Esimerkiksi 
Gaussinen anturitiheys j akauma vastaa kutakuinkin tie- 
don kayttof rekvenssia kuvaa katsottaessa . Myos muut 

10 jakaumat ovat mahdollisia. Vaihtelevan anturitiheyden 
kaytto soveltuu esimerkiksi etaohj aussovellukseen, 
jossa robottiin sijoitettu keksinnon mukainen kamera 
kuvaa todellista kohdetta ja robot tia ohjaava ihminen 
katsoo kameran kuvaamaa kuvaa keksinnon mukaisella 

15 nayttolaitteella . Anturielementtien tiheys kuvapinnal- 
la 3 voi noudattaa esimerkiksi jakaumaa, joka on seu- 
raavan funktion mukainen: 

i Jx 2 + y 2 +2 2 y 
I(r) = l/ [ ro J , 
missa 

20 I 0 = anturielementtien tiheys origossa (paaak- 

selilla) , 

l(r) = anturielementtien paikallinen tiheys sa- 

t eel la r origosta, j a 

a = skaalauskerroin. 

25 Mikali digitaalisella kameralla kuvattava 

taajuus on suurempi kuin puolet kameran sensoritaa juu- 
desta, ilmenee ns. vierastumisilmio (aliasing effect), 
jonka vaikutuksesta taajuuden kasvaessa MTF kaytyaan 
nollassa saa suuremmilla taajuuksilla korkeita posi- 

3 0 tiivisia arvoja. Varsinkin rakenteisia kohteita kuvat- 
taessa tama saa aikaan kuvan laadun oleellisen huono- 
nemisen. Vierastuminen on valtettavissa vaihteleva- 
resoluutioisen kameran suuriresoluutio-osissa kuvan 3 
mukaisella j ar j estelylla . Optiikan pisteen leviamis- 

35 funktio PSF sovitetaan integroimaan yli muutaman vie- 
rekkaisen anturielementin . 
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Kuvissa 4 ja 5 on havainnollistettu kuvan 2 
puoliavaruutta taltioivan kameran kayttoa laajakulmai- 
sena valvontakamerana. Entuudestaan tunnetuista lii- 
kuttamalla skannaavista kameroista poiketen tallainen 
5 kamera voidaan asentaa kiinteaksi ja liikkumattomaksi 
hubnetilan seinaan tai kattoon, kuten kuvassa 4. Esi- 
merkiksi pankin valvontakamerana tallainen liikkumaton 
kamera on huomaamaton ja vaikeasti havaittavissa . Ku- 
van 5 kahdella vastakkaisiin suuntiin katsovalla kame- 

10 ralla hallitaan koko avoin tila (2xpuoliavaruus) . Yh- 
della kameralla saadaan puoliavaruudesta geometrisesti 
vaaristymaton kuva yhdella kuvauksella kameraa liikut- 
tamatta. Kahdella samaan suuntaan suunnatulla, puo- 
liavaruutta kuvaavalla kameralla voidaan muodostaa 

15 stereokuvia kolmiulotteisen vaikutelman aikaansaami- 
seksi . 

Keksinnon mukaisella kameralla kuvattuja ku- 
via voidaan katsella normaaleina tasokopioina tasonay- 
toilla tai - tulosteista . Voidaan myos konstruoida eri- 

20 tyisia nayttolaitteita 6 kameralla 1 otettujen kuvien 
katselua varten, kuten on esitetty kuvissa 6-9. Tal- 
laisessa nayttolaitteessa 6 nayttopinta 1, jolta kuvia 
katsellaan, on kovera pallopinta. 

Kuvassa 6 on esitetty sovellus, jossa naytto- 

25 laite 6 on monitori, kuten tietokonemonitori tai tele- 
visio, jonka kuvaruutu on koveran pallokalotin muotoi- 
nen nayttopinta 7. Sita katsellaan edullisesti etai- 
syyd^lta, joka on kaksinkertainen pallokalotin satee- 
seen r nahden. Optimaalinen katselulinja on esitetty 

30 katkoviivalla 8. 

Kuvaan 7 viitaten useampaa katselijaa varten 
nayttopinta 7 voi olla myos huoneessa puolipallon muo- 
toinen seina- tai kattopinta (omniteatteri) , johon ku- 
va on hei jastettavissa usean henkilon samanaikaista 

35 katselua varten. 

Kuvissa 8 ja 9 on nayttolaite 6, joka on hen- 
kilokohtainen nayttovisiiri , nayttokypara tai sen ta- 
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painen, jossa nayttopinta 7 on silman polttopistekeski- 
nen puolipallonayttopinta. Tata voidaan soveltaa esi- 
merkiksi keinotodellisuuden esittamiseen viihde- ja pe- 
litarkoituksessa seka kyparanayttona esim. lentaj ille . 
5 Kuvassa 8 nayttovisiiriin tai sen tapaiseen 

kuuluu kaksi silman polttopistekeskista puolipallonayt- 
topintaa 7, yksi kumpaakin silmaa varten, stereokuvien 
katselua varten, jolloin saadaan kolmiulotteinen vaiku- 
telma. 

10 Kuvassa 9 on nayttovisiiriin jarjestetty mono- 

naytto, jossa on yksi puolipallonayttopinta 7. 

Nayttolaitteissa nayttopinta 7 voi muodostua 
matriisista yksittaisia kuvaelementteja . Kuvaelementti- 
en lukumaara on valittu siten, etta kohtuullisen kuvan- 

15 laadun aikaansaamiseksi lukumaara on suuruusluokkaa 10 4 
3xl0 4 , hyvan kuvanlaadun aikaansaamiseksi suuruus- 
luokkaa 10 6 - 2xl0 6 , tai taydellisen kuvanlaadun aikaan- 
saamiseksi suuruusluokkaa 10 8 . 

Kaytettaessa syottolaitteena vaihtuvaresoluu- 

2 0 tioista kameraa, voidaan nayttolaite konstruoida vaih- 
tuvaresoluutioiseksi . 180° naytolla perif eria-alueet 
toteutetaan harvempia, mutta suurempia kuvalementteja 
kayttaen, mutta kuvaenergialtaan (=kuvaelementin pinta- 
ala x maksimi luminanssi) tarkan resoluution aluetta 

2 5 vastaavina . 

Vaihtuvaresoluutioisessa nayttolaitteessa 6 
kuvaelementit voi olla jarjestetty nayttopinnalle 7 si- 
ten, etta niiden tiheys on optisella paaakselilla L 
maksimissaan ja pienenee optiselta paaakselilta reuna- 

3 0 alueille pain, kuvaelementtien tiheys j akauma nayttopin- 

nalla noudattaa funktiota: 

Ux 2 +y 2 +z 2 Y 

missa 

I 0 = kuvaelementtien tiheys origossa (paaakse- 

35 lilla) , 
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l(r) = kuvaelementtien paikallinen tiheys sa- 

teella r origosta, ja 

a = skaalauskerroin. 

Keksintoa ei rajata pelkastaan edella esitet- 
tyja sovellutusesimerkkeja koskevaksi, vaan monet 
muunnokset ovat mahdollisia pysyttaessa patenttivaati- 
musten maaritteleman keksinnollisen ajatuksen puit- 
teissa. 



13 
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P ATENTT I VAAT I MUKS ET 



10 



15 



20 



25 



30 



35 



1. Kameraj arjestelma, johon kuuluu kamera 
(1) , jossa on optiikka (2) , ja valonherkka kuvapinta 
(3), joka on jarjestetty optiikan laheisyyteen symmet- 
risesti sen optisen paaakselin (L) suhteen ja johon 
kuvapintaan optiikan taittama kohteen (K) kuva kuvan- 
tuu, tunnettu siita, etta valonherkka kuvapinta 
(3) on kovera pallopinta, jonka kaarevuuskeskipiste on 
optiikan (2) polttopisteessa . 

2. Patenttivaatimuksen 1 mukainen kamerajar- 
jestelma, tunnettu siita, etta valonherkka kuva- 
pinta (3) koostuu matriisista yksittaisia valonherkkia 
anturielementte j a, kuten CCD- element te j a . 

3. Patenttivaatimuksen 2 mukainen kameraj ar- 
jestelma, tunnettu siita, etta anturielementtien 
lukumaara on suuruusluokkaa 100000 tai suurempi . 

4 . Patenttivaatimuksen 3 mukainen kameraj ar- 
jestelma, tunnettu siita, etta anturielementtien 
lukumaara on valittu siten, etta kohtuullisen kuvanlaa- 
dun aikaansaamiseksi lukumaara on suuruusluokkaa 10 4 
3xl0 4 , hyvan kuvanlaadun aikaansaamiseksi suuruusluok- 



kaa 10 e 



2x10 , tai taydellisen kuvanlaadun aikaansaa- 



miseksi suuruusluokkaa 10 8 . 

5. Patenttivaatimuksen 3 tai 4 mukainen kame- 
ra j arj estelma, tunnettu siita, etta anturielemen- 
tit on jarjestetty kuvapinnalle (3) siten, etta niiden 
tiheys on optisella paaakselilla (L) maksimissaan ja 
pienenee optiselta paaakselilta reuna-alueille pain. 

6. Patenttivaatimuksen 5 mukainen kameraj ar- 
j estelma, tunnettu siita, etta anturielementtien 
tiheys jakauma kuvapinnalla (3) noudattaa funktiota: 

Kr) = I 0 e l " J , 
missa 

I 0 = anturielementtien tiheys origossa (paaak- 
selilla) , 
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l(r) = anturielementtien paikallinen tiheys sa- 

teella r qrigosta, ja 

a = skaalauskerroin. 

7. Jonkin patentt ivaatimuksista 1-6 mukai- 
5 nen kameraj arj estelma, tunnettu siita, etta op- 

tiikka (2) on jarjestetty siten, etta optisen paaakse- 
lin (L) laheisyydessa, anturielementtien suuren reso- 
luution alueella optiikan aikaansaama pisteen leviamis- 
funktio (PSF) integroi yli usean anturielementin vie- 
10 rastumisen (aliasing) estamiseksi. 

8. Jonkin patentt ivaatimuksista 1-7 mukai- 
nen kameraj ar j estelma , tunnettu siita, etta op- 
tiikka (2) on ns . normaalipolttovalinen ja kuvapinta 
(3) on pallokalotti , jonka taltiointikulma on suuruus- 

15 luokkaa 6 0°; ja etta kameraan kuuluu kaihdin (4) , joka 
on jarjestetty optiikan ja kuvapinnan valille ja jonka 
aukko on saadettava. 

9. Jonkin patentt ivaatimuksista 1-8 mukai- 
nen kameraj arj estelma, tunnettu siita, etta kuva- 

20 pinnan (3) taltiointikulma on 180° tai pienempi . 

10. Jonkin patenttivaatimuksista 1-9 mukai- 
nen kameraj arj estelma, tunnettu siita, etta op- 
tiikkaan (2) kuuluu lyhytpolttovalinen linssi (5) , ku- 
ten ns . kalansilmalinssi ; etta kuvapinta (3) on puoli- 

25 pallon muotoinen ja taltiointikulma on 180°, jolloin 
kamera on puoliavaruutta taltioiva. 

11. Jonkin patenttivaatimuksista 1-10 mukai- 
nen kamerajarj estelma, tunnettu siita, etta kame- 
ra (1) on digitaalikamera, johon kuuluu valineet antu- 

30 rielementeista saatujen signaalien digitoimiseksi ja 
valineet digitoitujen kuvien siirtamiseksi tietoko- 
neelle . 

12. Jonkin patenttivaatimuksista 1-11 mukai- 
nen kameraj arj estelma, tunnettu siita, etta kame- 

3 5 ra (1) on liikkuvaa kuvaa taltioiva kamera. 
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13. Jonkin patenttivaatimuksista 1-12 mukai- 
nen kamerajarjestelma, tunnettu siita, etta kame- 
ra (1) on still -kuvia taltioiva kamera . 

14. Jonkin patenttivaatimuksista 1-13 mukai- 
5 nen kamerajarjestelma, tunnettu siita, etta kame- 
ra (1) on valvontakamera. 

15. Jonkin patenttivaatimuksista 1-14 mukai- 
nen kamerajarjestelma, tunnettu siita, etta jar- 
jestelmaan kuuluu kaksi vastakkaisiin suuntiin suunnat- 

10 tua puoliavaruutta taltioivaa kameraa (1) koko avaruu- 
den taltioimiseksi . 

16. Jonkin patenttivaatimuksista 1-15 mukai- 
nen kamerajarjestelma, tunnettu siita, etta jar- 
jestelmaan kuuluu kaksi vierekkaista, samaan suuntaan 

15 suunnattua, puoliavaruutta taltioivaa kameraa (1) ste- 
reokuvan taltioimiseksi puoliavaruudesta. 

17. Nayttolaite (6) jonkin patenttivaatimuk- 
sista 1-16 mukaisella kamerajarjestelmalla taltioidun 
kuvan nayttamiseksi nayttolaitteen nayttopinnalla (7) , 

20 tunnettu siita, etta nayttopinta (7) on kovera 
pallopinta . 

18. Patenttivaatimuksen 17 mukainen nayttolai- 
te, tunnettu siita, etta nayttolaite (6) on moni- 
tori, kuten tietokonemonitori tai televisio, jonka ku- 

2 5 varuutu on koveran pallokalotin muotoinen nayttopinta 

(7) . 

19. Patenttivaatimuksen 17 mukainen naytto- 
laite, tunnettu siita, etta nayttopinta (7) on 
huoneessa puolipallon muotoinen seina- tai kattopinta, 

3 0 johon kuva on hei j astettavissa usean henkilon samanai- 

kaista katselua varten. 

20. Patenttivaatimuksen 17 mukainen naytto- 
laite, tunnettu siita, etta nayttolaite (6) on 
henkilokohtainen nayttovisiiri tai sen tapainen, jossa 

35 nayttopinta (7) on silman polttopistekeskinen puolipal- 
lonayttopinta . 
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21. 



Patenttivaatimuksen 20 mukainen naytto- 



laite, tunnettu siita, etta nayttovisiiriin tai 



puolipallonayttopintaa (7) , yksi kumpaakin silmaa var- 
5 ten stereokuvien katselua varten. 

22. Jonkin patenttivaatimuksista 1-17 mukai- 
nen nayttolaite, tunnettu siita, etta nayttopinta 
(7) muodostuu matriisista yksittaisia kuvaelementteja . 

23. Patenttivaatimuksen 22 mukainen nayttolai- 
10 te, tunnettu siita, etta kuvaelementtien lukumaa- 

ra on suuruusluokkaa 100000 tai suurempi , 

24. Patenttivaatimuksen 23 mukainen naytto- 
laite, tunnettu siita, etta kuvaelementtien luku- 
maara on valittu siten, etta kohtuullisen kuvanlaadun 

15 aikaansaamiseksi lukumaara on suuruusluokkaa 10 4 

3xl0 4 # hyvan kuvanlaadun aikaansaamiseksi suuruusluok- 
kaa 10 6 - 2x10 s , tai taydellisen kuvanlaadun aikaansaa- 
miseksi suuruusluokkaa 10 8 . 



20 kainen nayttolaite, tunnettu siita, etta kuvaele- 
mentit on jarjestetty nayttopinnalle (7) siten, etta 
niiden tiheys on optisella paaakselilla (L) maksimis- 
saan ja pienenee optiselta paaakselilta reuna-alueille 
pain. 

25 26. Patenttivaatimuksen 25 mukainen nayttolai- 

te, tunnettu siita, etta puolipallonayttopinnan 
(7) kuvaelementit ovat reuna-alueilla pinta-alaltaan 
suurempia kuin paaakselin (L) laheisyydessa . 



30 nayttolaite, tunnettu siita, etta kuvaelementtien 
tiheys jakauma nayttopinnalla noudattaa funktiota: 



sen tapaiseen kuuluu kaksi silman polttopistekeskista 



25. Jonkin patenttivaatimuksista 22 - 24 mu- 



27. 



Patenttivaatimuksen 25 tai 26 mukainen 



I(r) = I 0 e v 



•a 




missa 

I 0 = kuvaelementtien tiheys origossa (paaakse- 



35 



lilla) , 



17 
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l(r) = kuvaelementtien paikallinen tiheys sa- 

teella r origosta, ja 

a = skaalauskerroin. 

28. Jonkin patenttivaatimuksista 22 - 27 mu- 
kainen nayttolaite , tunnettu siita, etta kuvaele- 
mentit on toteutettu kuituoptiikalla . 
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(57) TIIVISTELMA 

Keksinnon kohteena on kamera j ar j estelma ja 
nayttolaite kamera j arj estelman taltioimien kuvien 
nayttamiseksi . Kamera j arj estelmaan kuuluu kamera, jos- 
sa on optiikka (1) , ja valonherkka kuvapinta (2) , joka 
on jarjestetty optiikan laheisyyteen symmetrisesti sen 
optisen paaakselin suhteen ja johon kuvapintaan optii- 
kan taittama kohteen kuva kuvantuu. Valonherkka kuva- 
pinta on kovera pallopinta, jonka kaarevuuskeskipiste 
on optiikan polttopisteessa . 



(kuva 1) 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization ; ^ 

International Bureau ^SraMEttP 

(43) International Publication Date 

30 November 2000 (30.11.2000) PCT 



li ii ir 1 1 ii ii, ii 1 1 ii i ii 1 1 ii ii ni 

(10) International Publication Number 

WO 00/72089 Al 



(51) International Patent Classification 7 : G03B 19/00, 
21/00 // H04N 13/00, G03B 1/42 

(21) International Application Number: PCT/F100/00420 

(22) International Filing Date: 10 May 2000 (10.05.2000) 

(25) Filing Language: Finnish 

(26) Publication Language: English 



(30) Priority Data: 
991086 



11 May 1999(11.05.1999) FI 



(71) Applicant (for all designated States except US): 
TEKNILLINEN KORKEAKOULU [FI/FI]; P.O. 
Box 1000, FIN-02015 Tkk (FI). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): SAARELMA, Hannu 
[FI/FI]; Teknillinen Korkeakoulu, Viestintatekniikan Lab- 
oratorio, P.O. Box 6400, FIN-02015 Tkk (FI). 



(74) Agent: PAPULA OY; RO. Box 981, (Fredrikinkatu 61 A), 
FiN-00101 Helsinki (FI). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, CA, CH, CN, CR, CU, CZ, DE, 
DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, 
LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, NO, NZ, 
PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, 
TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARDPO patent (GH, GM, 
KE, LS, MW, SD, SL, SZ, TZ, UG, ZW), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, EE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— With international search report. 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



= (54) Title: CAMERA SYSTEM AND DISPLAY DEVICE 



On 
00 

n 




(57) Abstract: The invention relates to a camera system and to a display device for displaying images recorded by the camera system. 
© The camera system comprises a camera (1) provided with an optics system (2) and a photosensitive image surface (3) disposed near 
J^. the optics symmetrically relative to its optic axis, the image refracted by the optics being projected onto said image surface. The 
^ photosensitive image surface is a concave spherical surface whose center of curvature is at the focal point of the optics. 
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CAMERA SYSTEM AND DISPLAY DEVICE 

The present invention relates to a camera 
system as defined in the preamble of claim 1. Moreo- 
ver, the invention relates to a display device as de- 
5 fined in claim 17. 

Photography was invented in the early part of 
the 19 th century. Fairly soon, silver halides (AgBr, 
AgCl) were distinguished from the spectrum of light- 
sensitive materials as they were found to be light - 
10 sensitive when dispersed in gelatin. The dispersion, 
was spread on a glass plate, which formed the photo- 
sensitive projection surface of the camera. The glass 
plate was a straight plate, and an optical system was 
developed which focused the image onto the plate even 
15 through apertures larger than a pinprick. 

The glass plate was followed by the film, the 
film was followed by the vidicon, and the vidicon was 
followed by the digital matrix. However, the image 
plane still remains a plane both in cameras for still 
20 pictures and those for moving pictures. In azimuthal 
projection, the illumination on the projection surface 
is proportional to the square of the angle of deflec- 
tion as measured from the optical axis: 
J m (L cos 4 <p)/4f(l + m) 2 
25 where 

I is intensity at image plane, 
L is luminance at target, 

<p is the angle of a focus-originated radius 
to the optical axis, 
3 0 f is the aperture number, and 

m is the conversion factor. 

Especially in the case of wide-angle optics, 
problems are encountered in respect of uniformity of 
illumination in the image area. Further, wide-angle 
35 images with an angular field of the lens exceeding 
100° are difficult to accomplish without substantial 
distortion of straight lines. 
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In prior art, both of the above-mentioned er- 
rors have been corrected by way of digital image proc- 
essing. 

The object of the invention is to eliminate 
5 the drawbacks referred to above. 

A specific object of the invention is to dis- 
close a camera system and a corresponding display de- 
vice that will make it possible to produce a wide- 
angle image in which illumination is uniform over the 
10 entire image area and no lines in the image area are 
distorted. 

As for the features characteristic of the 
camera and display device of the invention, reference 
is made to the claims. 
15 The camera system of the invention comprises 

a camera provided with an optics system and a photo- 
sensitive image surface disposed in the vicinity of 
the optics system symmetrically relative to its optic 
axis, the image of the target refracted by the optics 

2 0 being projected onto said image surface. 

According to the invention, the photosensi- 
tive image surface is a concave spherical surface 
whose center of curvature is at the focus of the op- 
tics. The camera of the invention projects the image 
25 onto the concave, focus -centered spherical surface, 
which functions as a light detector and may consist of 
light-sensitive detecting elements. 

The camera system of the invention does not 
exhibit any anisotropy or geometric distortion, which 
30 are typical of conventional photographic techniques. 
The invention makes it possible to implement different 
focal distances up to a 180° observation angle. 

The invention has the advantage that, when a 
normal focal distance is used, with a 60 ° angular 

3 5 field of the lens, the cosine error is avoided. There- 

fore, the isotropy of the image in respect of illumi- 
nation is significantly better than in prior-art cam- 
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eras. This is important in various image analysis ap- 
plications in which the reflection density and color 
are used as a basis for making inferences about the 
target being analyzed. 
5 When short focal distances (up to a 180° re- 

cording angle) are used, the invention has the advan- 
tage of eliminating the geometric distortions typical 
of current optical systems. When pictures are to be 
printed and/or displayed using traditional planar dis- 

10 play surfaces, suitable rectangular undistorted areas 
can be cut off from the image by using appropriate 
software. When a display device according to the in- 
vention is used in which the display surface is a con- 
cave spherical surface, no geometric distortions ap- 

15 pear. 

When long focal distances are used, the vis-, 
ual effect that shortens the relative distances is 
eliminated. 

In an optical sense, projecting the image 
20 onto a spherical surface is a less demanding task than 
conventional planar projection. Therefore, the cost of 
manufacturing an optical equipment free of aberrations 
for the system of the invention is lower than in the 
case of conventional optics . 
25 In an embodiment of the camera system, the 

photosensitive image surface consists of a matrix of 
individual light-sensitive detecting elements, such as 
CCD elements. 

In an embodiment of the camera system, . the 
30 number of detecting elements is of the order of 100000 
or more . 

In an embodiment of the camera system, the 
number of detecting elements has been so chosen that, 
in order to achieve a reasonable image quality, the 
35 number is of the order of 10 4 - 3xl0 4 , to achieve a 
good image quality, of the order of 10 6 - 2xl0 € , or to 
achieve a perfect image quality, of the order of 10 8 . 



x 0 v , where 
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In an embodiment of the camera system, the 
detecting elements are so arranged on the image sur- 
face that their density is at a maximum on the princi- 
pal axis and diminishes from the principal axis toward 
5 the edge zones . 

In an embodiment of the camera system, the 
density distribution of the detecting elements on the 
image surface is consistent with the function: 

Kr) = I 0 e l r ° J , 
10 I 0 = density of detecting elements at the ori- 

gin (on the principal axis) , 

l(r)= local density of detecting elements at 

radius r from the origin, and 
a = scaling factor. 
15 in an embodiment of the camera system, the 

detecting elements in the high- resolution area near 
the optic axis are so arranged that the point spread 
function (PSF) produced by the optics integrates over 
several detecting elements to prevent aliasing. 

2 0 In an embodiment of the camera system, the 

optics are of a type using a so-called normal focal 
distance and the image surface is a spherical calotte 
with a recording angle (a) of the order of 60°; and 
the camera comprises a shutter disposed between the 
25 optics and the image surface and provided with an ad- 
justable aperture. 

In an embodiment of the camera system, the 
recording angle of the image surface is 180° or less. 

In an embodiment of the camera system, the 

3 0 optics comprise a lens with a short focal distance, 

such as a so-called fish-eye lens; the image surface 
is of a hemispherical shape and the recording angle is 
180°, so that the camera is of a semispace recording 



type. 

35 In an embodiment of the camera system, the 

camera is a digital camera which comprises means for 
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digitization of the signals received from the detect- 
ing elements and means for transferring the digitized 
images to a computer. The image can be processed, 
transferred and printed in a digital form. The images 
5 can be displayed using a spherical surface display as 
mentioned above or conventional display devices. They 
can also be printed in an undistorted form on paper 
using image printers. 

In an embodiment of the camera system, the 
10 camera is of a type designed to record moving pic- 
tures . 

In an embodiment of the camera system, the 
camera is of a type designed to record still pictures. 

In an embodiment of the camera system, the 
15 camera is a monitoring camera. 

In an embodiment of the camera system, the 
system comprises two semispace recording cameras di- 
rected in opposite directions to the record the whole 
space . 

20 In an embodiment of the camera system, the 

system comprises two adjacent semispace recording cam- 
eras directed in the same direction for the recording 
of a stereo image of the semispace. 

According to the invention, the display sur- 

25 face of the display device used for the display of an 
image recorded using the above-mentioned camera system 
is a concave spherical surface. 

The display device has the advantage that the 
illumination in the image is uniform over the entire 

3 0 image area and the image is geometrically undistorted, 
thus requiring no corrective processing regarding the 
luminance level or contours of the picture. 

In an embodiment of the display device, the 
display device is a monitor, such as a computer moni- 

35 tor or a television, having a screen of the shape of a 
concave spherical calotte. 
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In an embodiment of the display device, the 
display surface is a wall or ceiling surface of a 
room, onto which the image can be projected so as to 
allow it to be viewed simultaneously by a plurality of 
5 persons. 

In an embodiment of the display device, the 
display device is a personal display visor or the 
like, in which the display surface is a hemispherical 
display surface having its center at the focal point 
10 of the eye. 

In an embodiment of the display device, the 
display visor or the like comprises two hemispherical 
display surfaces having their centers at the focal 
points of the eyes, one display surface for each eye 
15 for the viewing of stereo pictures. 

In an embodiment of the display device, the 
display surface consists of a matrix of individual 
picture elements. 

In an embodiment of the display device, the 
20 number of picture elements is of the order of 100000 
or more. 

In an embodiment of the display device, the 
number of picture elements has been so chosen that, in 
order to achieve a reasonable image quality, the num- 

25 ber is of the order of 10 4 - 3xl0 4 , to achieve a good 
image quality, of the order of 10 6 - 2xl0 € , or to 
achieve a perfect image quality, of the order of 10 8 . 

In an embodiment of the display device, the 
picture elements are so arranged on the display sur- 

3 0 face that their density is at maximum on the optic 
axis and diminishes from the optic axis toward the 
edge zones. 

In an embodiment of the display device, the 
picture elements of the hemispherical display surface 
3 5 are larger in surface area in the edge zones than in 
the vicinity of the principal axis. 
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In an embodiment of the display device, the 
density distribution of the picture elements on the 
display surface is consistent with the function: 



Kr) = I 0 e l r ° J , 



5 where 

I 0 = picture element density at the origin (on 

the principal axis) , 

l(r) = local picture element density at radius 

r from the origin, and 

10 a = scaling factor. 

In an embodiment of the display device, the 
picture elements are implemented using fiber optics. 

Cameras and display devices constructed ac- 
cording to the invention are very well suited for use 

15 in robotics applications with a visual capacity. As 
there are no line distortions, corresponding correc- 
tion computation is avoided. As there are no struc- 
tural illumination differences between the optic axis 
and the peripheral image areas, the interpreting com- 

20 putation produces more accurate results than when a 
traditional camera is used. Cameras and display de- 
vices constructed according to the invention are also 
very well applicable for use in simulators in which 
stimuli are created artificially for the entire visual 

25 field (e.g. flight simulator) . Similarly, it is possi- 
ble to produce entertainment and computer game mate- 
rial that gives a person a sensation of being virtu- 
ally present in the situation photographed by the cam- 
era and reproduced by the spherical display. Using a 

3 0 pair of adjacent cameras, it is possible to generate a 
three-dimensional perception that fills the entire 
field of vision. 

In the following, the invention will be de- 
scribed in detail by the aid of a few examples of its 

35 embodiments with reference to the drawings / wherein 
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Fig. 1 presents a skeleton diagram of a first 
embodiment of the camera system of the invention, 

Fig. 2 presents a skeleton diagram of a sec- 
ond embodiment of the camera system of the invention, 
5 Fig. 3 presents a diagram illustrating the 

prevention of aliasing by means of the optics at 
points where the density of picture elements it at a 
maximum, 

Fig. 4 presents a diagram illustrating a 
10 monitoring camera application of the camera system of 
the invention for the monitoring of a semispace in a 
room, 

Fig. 5 presents a diagram illustrating a 
monitoring camera application of the camera system of 
15 the invention for the monitoring of the whole space in 
an open area, 

Fig. 6 presents a diagram of a first embodi- 
ment of the display device of the invention, i.e. a 
spherical calotte type monitor or television and an 

2 0 optimal viewing line for it, 

Fig. 7 presents a diagram of a second embodi- 
ment of the display device of the invention that al- 
lows the display of images to a plurality of viewers, 

Fig. 8 presents a third embodiment of the 
25 display device of the invention, which is a personal 
display device for the display of stereo pictures, 

Fig. 9 presents a diagram representing a 
fourth embodiment of the display device of the inven- 
tion, which is a personal display device for the dis- 

3 0 play of mono pictures. 

Fig . 1 shows a camera 1 which comprises op- 
tics 2 with a so-called normal focal distance, pre- 
sented in the figure as a simple lens. The camera 1 
further comprises a photosensitive image surface 3, 
3 5 which is a concave spherical surface, onto which the 
optics 2 project the image of the target. The center 
of curvature of the image surface 3 is at the focal 
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point of the optics 2 on the optic axis L» . With a lens 
2 with a normal focal distance, a 60° recording angle 
is obtained, so the camera may have an image surface 
the shape of a spherical calotte. The camera further 
5 comprises a shutter 4 provided with an adjustable ap- 
erture and disposed near the lens 2, between the lens 
2 and the image surface 3. 

The optics 2 in the camera 1 in Fig. 2 com- 
prise a lens 5 with a short focal distance, a so- 

10 called fish-eye lens. The image surface 3 is of a 
hemispherical shape, so the camera is a semispace re- 
cording type of camera. The figure illustrates the 
projection of three targets I, I, III onto the hemi- 
spherical image surface. The recording angle is 180°. 

15 The picture of target I on the principal axis L is re- 
corded on the image surface 3 on the principal axis L. 
Targets II and III, located on opposite sides at an- 
gles of 90°, are projected onto the edges of the hemi- 
spherical image surface. 

2 0 The cameras in Fig. 1 and 2 are preferably 

digital cameras capable of both still and moving image 
photography. The image surface 3 of the camera 1 is 
composed of individually placed digital detecting ele- 
ments or it may be constructed using fiber optics. A 

25 reasonable image quality is achieved using about 100 
000 - 300 000 detecting elements on the image surface 
3. A good image quality is achieved using about 1-2 
million detecting elements. If perfect image quality 
is desired, then the number of detecting elements 

30 should be of the order of 10 8 . 

In cameras with a recording angle of 180° of 
the image surface 3 as illustrated in Fig. 2, which 
can see an entire semispace, with corresponding dis- 
play devices, the position of the optic axis L corre- 

35 sponds to the point of sharp vision in the human eye 
while the edge zones correspond to the less sharp pe- 
ripheral vision. Therefore, the density of detecting 
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elements on the image surface 3 may vary so that the 
density is at a maximum in the region of the optic 
axis, i.e. the resolution is high, being reduced to- 
wards the edge zones, where the resolution is lower. 
5 For example, the Gaussian detecting element density 
distribution roughly corresponds to the frequency of 
utilization of the information when the image is being 
viewed. Other distributions are also possible. A vary- 
ing detecting element density is suited for use e.g. 

10 in a remote control application in which a camera ac- 
cording to the invention installed on a robot photo- 
graphs a real target while a person controlling the 
robot is watching the image produced by the camera, 
using a display device according to the invention. The 

15 distribution of the detecting element density on the 
image surface 3 may be e.g. as given by the following 
function : 



higher than half the sensor frequency, this will re- 
sult in a so-called aliasing effect, in consequence of 
which, when the frequency increases, MTF, having 
dropped to zero, receives high positive values at 

30 higher frequencies. Especially when structured objects 
are being photographed, this causes a substantial de- 
terioration of image quality. Aliasing can be avoided 
in the high-resolution portions of a variable- 
resolution camera by using an arrangement as illus- 

35 trated in Fig. 3. The point spread function PSF of the 



I(r) = I 0 e"*\ ro 




20 



25 



where 

I 0 = detecting element density at the origin 
(on the principal axis) , 

l(r) = local detecting element density at ra- 
dius r from the origin, and 
a = scaling factor. 

If the shooting frequency of the camera is 
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optics is so adapted that it will integrate over a few 
adjacent detecting elements. 

Fig. 4 and 5 illustrate the use of a 
semi space recording camera as presented in Fig. 2 as a 
5 wide-angle monitoring camera. Unlike previously known 
cameras which need to be moved to scan the surround- 
ings, a camera like this can be fixedly and immovably 
mounted on the wall or ceiling of a room as shown in 
Fig. 4. When used e.g. as a monitoring camera in a 
10 bank, such an immovable camera is unnoticeable and 
difficult to detect. By using a pair of cameras look- 
ing in opposite directions as in Fig. 5, the whole 
open space around (2 x semi space) can be monitored. 
Using a single camera, a geometrically undistorted 
15 picture of the semispace is produced by a single shot 
without moving the camera. Using two semispace record- 
ing cameras directed in the same direction, it is pos- 
sible to produce stereo pictures to create a three- 
dimens i onal impre s s ion . 
20 Pictures taken with the camera of the inven- 

tion can be viewed as normal planar copies by using a 
planar display or making a planar print-out. It is 
also possible to construct special display devices 6 
as presented in Fig. 6-9 for the viewing of pictures 
25 taken with the camera 1. In a display device 6 like 
this, the display surface 7 on which the pictures are 
viewed is a concave spherical surface. 

Fig. 6 presents an embodiment in which the 
display device 6 is a monitor, such as a computer 
30 monitor or television, whose display screen is a dis- 
play surface 7 having the shape of a concave spherical 
calotte. For this device, a preferable viewing dis- 
tance is twice the radius r of the spherical calotte . 
The optimal viewing line is indicated by a broken line 
35 8 . 

Referring to Fig. 7, in an application for a 
plurality of viewers, the display surface 7 may also 
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consist of a hemispherical wall or ceiling surface in 
a room (omni- theater) , onto which the image can be 
projected for simultaneous viewing by several persons. 

Fig. 8 and 9 present a display device 6 which 
5 is a personal display visor, display helmet or the 
like, in which the display surface 7 is a hemispheri- 
cal display surface whose center is at the focal point 
of the eye. This device can be used e.g. for the pres- 
entation of virtual reality in entertainment and game 
10 applications and as a helmet display e.g. for air pi- 
lots . 

In Fig. 8, the display visor or the like com- 
prises two hemispherical display surfaces 7 having 
their centers at the focal points of the eyes, one 
15 display surface for each eye, for the viewing of ste- 
reo pictures, producing a three-dimensional impres- 
sion. 

In Fig. 9, the display visor is provided with 
a mono display with a single hemispherical display 

2 0 surface 7. 

The display surface 7 in the display devices 
may consist of a matrix of individual picture ele- 
ments. The number of picture elements has been so cho- 
sen that, to produce a reasonable image quality, the 

25 number is of the order of 10 4 - 3xl0 4 , to produce a 
good image quality, of the order of 10* - 2xl0 6 , or to 
produce a perfect image quality, of the order of 10 8 . 

When the input device used is a variable- 
resolution camera, the display device can be con- 

30 structed as a variable-resolution display. In a 180° 
display, the peripheral areas are implemented using 
fewer but larger picture elements, but so that they 
correspond to the high-resolution area in respect of 
image energy (= area of picture element x maximum lu- 

35 minance) . 

In a variable-resolution display device 6, 
the picture elements may be so arranged on the display 
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surface 7 that their density is at a maximum on the 
principal axis L, diminishing from the principal axis 
toward the edge zones. The density distribution of the 
picture elements on the display surface is as ex- 
5 pressed by the function: 

Kr) = I 0 e l ,0 J , 
where 

I 0 = picture element density at the origin (on 



the principal axis) , 
10 *( r )~ local picture element density at radius 

r from the origin, and 
a = scaling factor. 

The invention is not restricted to the exam- 
ples of its embodiments described above; instead, many 
15 variations are possible within the scope of the inven- 
tive idea defined in the claims. 
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CLAIMS 

1. Camera system comprising a camera (1) pro- 
vided with an optics system (2) and a photosensitive 
image surface (3) disposed near the optics system sym- 

5 metrically relative to its optic axis (L) , the image 
refracted by the optics being projected onto the image 
surface, characterized in that the photo- 
sensitive image surface (3) is a concave spherical 
surface whose center of curvature is at the focal 
10 point of the optics (2) . 

2. Camera system as defined in claim 1, 
characterized in that the photosensitive im- 
age surface (3) consists of a matrix of individual 
photosensitive detecting elements, such as CCD ele- 

15 ments. 

3. Camera system as defined in claim 2, 
characterized in that the number of detect- 
ing elements is of the order of 100000 or higher. 

4. Camera system as defined in claim 3, 
20 characterized in that the number of detect- 
ing elements has been so chosen that, to achieve a 
reasonable image quality, the number is of the order 
of 10 4 - 3xl0 4 , to achieve a good image quality, of the 
order of 10 6 - 2xl0 6 , or to achieve a perfect image 

25 quality, of the order of 10 s . 

5. Camera system as defined in claim 3 or 4 , 
characterized in that the detecting elements 
are so arranged on the image surface (3) that their 
density is at a maximum on the optic axis (L) and di- 

30 minishes from the optic axis toward the edge zones. 

6. Camera system as defined in claim 5, 
characterized in that the density distribu- 
tion of the detecting elements on the image surface 
(3) is consistent with the function: 

35 I(r) = I 0 e 1 r ° } , 



WO 00/72089 PCT/F100/00420 



15 

where 

I 0 = density of detecting elements at the ori- 
gin (on the optic axis) , 

I(r)= local density of detecting elements at 
5 radius r from the origin, and 

a = scaling factor. 

7. Camera system as defined in any one of 
claims 1-6, characterized in that the op- 
tics (2) has been so arranged that, in the high- 

10 resolution area near the optic axis (.It) , the point 
spread function (PSF) produced by the optics inte- 
grates over several detecting elements to prevent 
aliasing. 

8. Camera system as defined in any one of 
15 claims 1 - 7, characterized in that the op- 
tics (2) is of a type having a so-called normal focal 
distance and the image surface (3) is a spherical ca- 
lotte with a recording angle of the order of 60°; and 
that the camera comprises a shutter (4) disposed be- 

20 tween the optics and the image surface and provided 
with an adjustable aperture. 

9. camera system as defined in any one of 
claims 1-8, characterized in that the re- 
cording angle of the image surface (3) is 180° or 

10. Camera system as defined in any one of 
claims 1-9, characterized in that the op- 
tics (2) comprises a lens (5) with a short focal dis- 
tance, such as a so-called fish-eye lens; that the im- 

30 age surface (3) is of a hemispherical shape and the 
recording angle is 180°, the camera thus being of a 
semispace recording type. 

11. Camera system as defined in any one of 
claims 1-10, characterized in that the 

35 camera (1) is a digital camera which comprises means 
for digitization of the signals received from the de- 
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tecting elements and means for transferring the digit- 
ized images to a computer. 

12. Camera system as defined in any one of 
claims 1 - 11, characterized in that the 

5 camera (1) is of a type for recording moving pictures. 

13. Camera system as defined in any one of 
claims 1 - 12, characterized in that the 
camera (1) is of a type for recording still pictures. 

14. Camera system as defined in any one of 
10 claims 1 - 13, characterized in that the 

camera (1) is a monitoring camera. 

15. Camera system as defined in any one of 
claims 1 - 14, characterized in that the 
system comprises two semispace recording cameras (1) 

15 directed in opposite directions for the recording of 
the whole space. 

16. Camera system as defined in any one of 
claims 1 -15, characterized in that the 
system comprises two adjacent semispace recording cam- 

20 eras (1) directed in the same direction for the re- 
cording of a stereo image of the semispace. 

17. Display device (6) for displaying an im- 
age recorded by a camera system as defined in any one 
of claims 1 - 16 on the display surface (7) of the 

25 display device, characterized in that the 
display surface (7) is a concave spherical surface. 

18. Display device as defined in claim 17, 
characterized in that the display device (6) 
is a monitor, such as a computer monitor or a televi- 

30 sion, the screen of which is a display surface (7) 
having the shape of a concave spherical calotte. 

19. Display device as defined in claim 17, 
characterized in that the display surface 
(7) is a wall or ceiling surface of a room, onto which 

3 5 an image can be projected so as to allow it to be 
viewed simultaneously by a plurality of persons. 
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20. Display device as defined in claim 17, 
characterized in that the display device is 
a personal display visor or the like, in which the 
display surface (7) is a hemispherical display surface 

5 having its center at the focal point of the eye. 

21. Display device as defined in claim 20, 
characterized in that the display visor or 
the like comprises two hemispherical display surfaces 
(7) with their centers at the focal points of the 

10 eyes, one display surface being provided for each eye 
for the viewing of stereo images. 

22 . Display device as defined in any one of 
claims 1 - 17, characterized in that the 
display surface (7) consists of a matrix of individual 

15 picture elements, 

23. Display device as defined in claim 22, 
characterized in that the number of picture 
elements is of the order of 100000 or higher. 

24. Display device as defined in claim 23, 
20 characterized in that the number of picture 

elements has been so chosen that, in order to achieve 
a reasonable image quality, the number is of the order 
of 10 4 - 3xl0 4 , to achieve a good image quality, of the 
order of 10 6 - 2xl0 6 , or to achieve a perfect image 
25 quality, of the order of 10 8 . 

25. Display device as defined in any one of 
claims 22 - 24, characterized in that the 
picture elements are so arranged on the display sur- 
face (7) that their density is at a maximum on the op- 

3 0 tic axis (L) and diminishes from the optic axis toward 
the edge zones. 

26. Display device as defined in claim 25, 
characterized in that the picture elements 
of the hemispherical display surface (7) are larger in 

35 surface area in the edge zones than in the vicinity of 
the optic axis (L) . 
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27. Display device as defined in claim 25 or 
26, characterized in that the density dis- 
tribution of the picture elements on the display sur- 
face is consistent with the function: 

5 Kr) = I 0 e l " J . 

where 

I 0 = picture element density at the origin (on 
the optic axis) , 

l(r)= local picture element density at radius 
10 r from the origin, and 

a = scaling factor. 

28. Display device as defined in any one of 
claims 22 - 27, characterized in that the 
picture elements are implemented using fiber optics. 

15 
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